To assess the extent to which an age-associated reduction in mammography use can be explained by declining self-reported health status.
D
espite the increased risk of breast cancer occurrence and mortality that accompanies aging, and the demonstrated effectiveness of screening mammography as a method to reduce mortality related to breast cancer, use of screening mammography declines with advancing age. [1] [2] [3] [4] [5] Several factors may contribute to this pattern, including the absence of studies demonstrating the effectiveness of screening mammography among women aged 75 years or older, lower levels of interest in or knowledge about breast cancer control practices among older women, or competing health care needs and priorities. 6 Poor health status could also reduce patient or physician enthusiasm for a procedure such as mammography because the anticipated benefit of screening may not be realized for many years following the procedure. An age-associated decline in health status could thus provide another potential explanation for the reduced use of mammography among older women.
In order to understand better the relations among age, health status, and mammography use, we examined data from the 1992 National Health Interview Survey (NHIS) and Cancer Control Supplement. 7 An earlier analysis of the 1987 NHIS data demonstrated that mammography use did decline with age and that this effect was unexplained by poor health status. 1 As contrasted with earlier studies, 1,2 our focus was on mammography use within the 12 months prior to interview because we postulated that current measures of health would manifest their greatest impact on current rather than historical mammography use. Furthermore, to reduce the likelihood of a potential age-related cohort effect, we limited the analysis to women who had ever had a mammogram. By excluding women who had never had a mammogram, we examined the relation of current health status to contemporary mammography use among women who had previously demonstrated their interest and acceptance of the procedure.
METHODS
Data for this analysis were obtained from the public use tapes of the 1992 NHIS, including the Cancer Control Supplements. The NHIS collects health and demographic information from a sample of the civilian, noninstitutionalized U.S. population who are aged 18 years or older. All adult family members in a surveyed household were asked to participate in the interview. Proxy respondents were accepted for family members who were incapable of responding for themselves, or who were not at home during the interview. Information that was collected included the incidence of acute health conditions, the prevalence of chronic health conditions, restrictions or limitations in daily activity, self-assessed health status, and utilization of health services. For the Cancer Control Supplements, one respondent from a surveyed family was randomly selected to also complete one of two cancer surveys (cancer epidemiology or cancer control). The cancer supplements were available for 12,035 respondents. Of these, we initially restricted our evaluation to the 2,709 women aged 50 years or older. Because we were interested in comparing factors related to recent mammography versus past mammography, women who never had a mammogram ( n ϭ 937) were also excluded from the analysis.
Mammography was categorized into two levels: reported mammogram within the 12 months that preceded the interview versus last mammogram more than 12 months previously. Age was categorized into three age groups: 50-64 years, 65-74 years, and 75 years or older. Self-reported health status was collapsed into three categories: good or better, fair, and poor. Limitations in activity (long-term reduction in major activities of daily living resulting from chronic disease or impairment) were dichotomized as one or more limitations in major activities, and no limitations. Other variables included as potential confounders were education, race, insurance status, the belief that family history of breast cancer is a risk factor for breast cancer, smoking status, and usual source of health care. There were 41 persons with missing data in one or more of these variables. These records were excluded from our statistical analysis; thus, our final models were conducted on data from 1,730 women. Certain variables that were of interest to us, particularly poverty status and last visit to the gynecologist, were missing on too many records to include them in our analysis.
We used unconditional logistic regression to evaluate the extent to which age and self-reported health status were related to having undergone mammography in the past year (recent mammography), relative to women with a reported history of mammography, but not within 12 months before the interview date. Women for whom there was a positive history of mammography but the time of mammography was unknown were assumed to have not had a mammogram within 12 months and were included in the reference group. We calculated crude odds ratios (ORs) for age and for self-reported health status, and then evaluated the influence of adjusting for each of the potential confounding variables mentioned above on age and selfreported health. To evaluate potential interaction effects, the relative likelihood of having undergone recent mammography in relation to age (crude and adjusted odds) was estimated within each category of self-reported health.
RESULTS

Characteristics of Study Sample Women and Their Relation to Recent Mammography Use
There were 2,709 women aged 50 years or older who participated in the 1992 NHIS. The characteristics of the 1,772 women (65.4%) who reported at least one previous mammogram are presented in Table 1 . Approximately three quarters of the study women reported their health as good or better, and a similar proportion reported no limitations in any major activity.
As shown in Table 1 , the percentage of women with a recent mammogram declined with advancing age, and this decline was most pronounced among the groups of women aged 75 or older. Among women aged 50 to 59 years, approximately 66% reported a mammogram within the preceding 12 months as compared with approximately 60% of those aged 65 to 74 years and 30% of those aged 85 years or older. Recent mammography was also more frequent among women with a higher educational level, those who identified family history as a breast cancer risk factor, those who were insured, those who had a usual source of health care, those with better self-reported health, and those with no reported limitation of major activities. Figure 1 displays the percentage of women who had a mammogram within the preceding 12 months stratified by age (50-64, 65-74, 75 ϩ ) and the two measures of reported health status. The lower panel of Figure 1 presents results for the two levels of limitation of major activities (none or any), and the top panel presents the same information for the three levels of self-reported health (poor, fair, and good or better). Figure 1 illustrates lower percentages of recent mammography use as age increases and as self-reported health status declines. The combination of oldest age and most impaired health status is associated with the lowest observed rates of mammography use. For example, among women aged 50 to 64 years, those with good or better health had a mammography rate (65%) comparable to that observed for women reporting poor health (62%). However, among women aged 75 years or older, the percentage with a recent mammogram among those reporting good health was 53% but declined to 28% among women reporting poor health (upper panel, Fig. 1 ). The pattern is similar for limitations of activity (lower panel, Fig. 1 ). Table 2 presents the results of logistic regression analyses that examined the relation of age and reported health status to recent mammography (unadjusted, adjusted for each other, and adjusted for all covariates). The odds of a recent mammogram declined with advancing age and this association was unaffected after adjustment for health status and the remaining covariates. The odds of a recent mammogram were approximately 20% lower among women aged 65 to 74 years and nearly 50% lower among women aged 75 years or older as compared with women aged 50 to 64 years (adjusted OR for women 75 ϩ ϭ 0.54; 95% confidence interval [CI] 0.41, 0.70). There was no evidence of a significant interaction between age and health status in the logistic regression analysis ( p ϭ .46). JGIM The unadjusted odds of recent mammography also declined with reduced levels of self-reported health. This effect persisted after adjustment for age, but was attenuated and no longer statistically significant after adjustment for the remaining covariates (Table 2) . Analyses using selfreported functional limitations rather than self-reported health as the indicator of health status provided essentially similar results.
Relations Between Age, Reported Health Status, and Recent Mammography Use
Relation of Age to Recent Mammography Use, Controlling for Reported Health Status and Other Patient Characteristics
In order to examine further the relation of age to recent mammography use independent of age-associated changes in health status, we performed another analysis restricted to the subgroup of women reporting good or better health. Among this subgroup of healthy women the adjusted odds of a recent mammogram for those aged 65 to 74 years relative to those aged 50 to 64 years was 0.84 (95% CI 0.65, 1.09), and 0.60 (95% CI 0.44, 0.80) for those aged 75 years and older. Similar patterns were noted in analyses restricted to women reporting fair health or poor health (data not presented).
DISCUSSION
Among our study sample, approximately 60% of women aged 50 years or older reported having had a screening mammogram within the 12 months preceding their NHIS interview. As have others, we noted that the use of mammography declined with advancing age. 1, 2, 4 This effect was most substantial for women over the age of 75, among whom the odds of a recent mammography were 50% lower than among women aged 50 to 64 years. 
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Although we identified many factors that were independently associated with lower rates of mammography utilization, including demographic, socioeconomic, and healthcare-related characteristics, none explained or modified the age-mammography association. We also evaluated whether or not an age-associated decline in health status might "explain" the observed age-related pattern, but noted that mammography use declined with age among women in each stratum of self-reported health. Even for those reporting good or better health, the odds of a recent mammogram were 40% lower among women aged 75 years or older as compared with those aged 50 to 64 years. Thus, poor health, as indicated by self-reported health status, and the other patient characteristics we have examined do not fully explain the substantial decline in recent mammography use among this sample of women. From a decision-making perspective, reduce mammography use among older women may reflect the priorities and attitudes of the women themselves or of their physicians (who most often initiate the mammography referral process). Older women report reduced enthusiasm for screening mammography, and the recommendation of a health care professional is commonly cited as a primary determinant of mammography use. [8] [9] [10] Physician surveys reported reduced rates of mammography referral for women over the age of 75 to 80. [11] [12] [13] The primary explanation offered by surveyed physicians was related to the uncertain benefit of screening mammography among elderly women in general, and those with serious health impairments in particular. 11, 12 This reported pattern is consistent with our observations, although we have no data concerning actual physician referral practices among the study women. Consideration of both mammography effectiveness and patient life expectancy are relevant to understanding these reported and observed patterns of mammography use.
If screening mammography is to reduce mortality from breast cancer, two assumptions must be met-first, the procedure itself must be effective, and second, a woman must be expected to live long enough to experience the benefit. Available evidence neither supports nor refutes the potential benefit of mammography among women aged 75 years or older, 14 although the increased incidence of breast cancer, the operating characteristics of screening mammography, and other theoretical consid- erations suggest that the procedure could be beneficial among healthy elders. 6, 15, 16 Nevertheless, the absence of definitive evidence of effectiveness and the absence of organizational endorsement of screening mammography for women over the age of 75 could contribute to the observed paucity of screening mammography use among elderly women. Anticipated life expectancy is a relevant consideration because the benefit from screening mammography appears only after an interval of perhaps 7 to 9 years. 17 Women with a lesser life expectancy might not be expected to benefit from screening mammography. Anticipated life expectancy for the average 75-year-old women is approximately 12 years (and most likely longer for those in good health). 18 Thus, age considerations alone would not justify a decision to forgo screening mammography for a healthy 75-year-old woman. Conversely, life expectancy at age 75 may be reduced to only 4 years if serious comorbidity is present and earlier diagnosis of breast cancer may not confer the same advantage for women with severe comorbidity as it does for healthier women. 1, 19 Thus, reduced use of mammography among elderly women reporting poor health could reflect a "rational" clinical or personal decision about health care priorities. Data concerning life expectancy considerations and mammography decision making by patients or physicians is not, however, available in the NHIS. Further research in this area is necessary if we are to better understand these factors as determinants of mammography use among older women.
Several limitations of this study must be acknowledged. Although based on a nationally representative sample, our estimates are not weighted in accord with the complex sampling design of the NHIS. Thus, although our estimates of mammography proportions and associated relations are internally valid, they cannot be extrapolated to the population from which the sample was drawn. Furthermore, we limited our analysis to women who reported ever having completed mammography, and thus, our estimates of mammography use exceed those reported by others. 2 Had we included all women in our analysis, our estimate of having had a mammogram within 12 months would have been approximately 40% (rather than 60%), a figure consistent with the frequency of mammography use reported in previous studies. 2 We used this restriction to focus on the current impact of health status on recent mammography utilization among women who might reasonably be expected to be referred for and accept the procedure. In particular, we wanted to reduce the potential impact of a cohort effect among elderly women who were unlikely to engage in mammography for long-established reasons such as disinterest unrelated to current health status. This concern appears well founded. We noted that only 42 (6%) of 666 women aged 75 years or older reported that their first mammography had been obtained in the preceding 2 years. We used mammography within the preceding 12 months as our primary outcome measure, rather than within the past 3 years as used in some other analyses of the NHIS data, 1,2 or 2 years (the interval recommended by some authorities). 14 We reasoned that reported current health status (as measured in the NHIS) would most likely influence recent rather than more remote behavior, and therefore emphasized the most recent opportunity to have completed mammography. Finally, as necessitated by the content of the NHIS, our measure of health status was self-reported rather than clinically measured, and only self-reported mammography history was available. However, self-reported health has been previously validated as a correlate of measured health status and a predictor of mortality, 20 and given the consistency of our findings across all levels of reported health status (and reported functional limitations), it is unlikely that an alternative measure of health status would substantively alter our conclusions. Although we recognize that self-reported mammography use is subject to error, an age-associated decline in mammography use has been consistently observed in a variety of data sources. 1,2,4 Furthermore, we have no reason to suspect that older women in good health (as in our subgroup analysis) are more likely than younger women to underreport recent mammography, and thus we do not believe that systematic misclassification bias explains the age-associated decline in mammography uses we have observed.
Our data were collected in the 1992 NHIS, and thus not all women (or their physicians) may have been fully aware that screening mammography had recently become a covered Medicare benefit (as of January 1, 1991). Although the removal of a financial barrier to mammography might be expected to reduce the age-associated decline in its use, initial observations have been less encouraging. [21] [22] [23] Further investigation will be required to determine if the pattern of mammography use we have observed will continue to characterize mammography use among older women in the future.
In summary, we have demonstrated that recent use of mammography declined with advancing age in a group of older women and that this effect was not attributable to declines in reported health status or to other measured characteristics. Ill health did appear to be of particular relevance to mammography use among the oldest women in this study. This may be appropriate given anticipations of life expectancy and benefit. However, mammography use declined with age even among the healthiest older women. Recommendations concerning mammography use among women older than age 70 emphasize individualized decision making and consideration of anticipated life expectancy. 6, 14, 24 Because chronologic age and health status together predict life expectancy, reliance on age alone as a guideline for mammography-related decision making is inadequate. If the potential benefits of mammography are to be enjoyed by those women who might be expected to live long enough to benefit from the procedure, targeted interventions will be required to promote procedure use among them.
